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ABSTRACT

‘Although betz-propiolactone (BPL} 18 an effective vapor-
phase decontaminant for enclosed areas, some problems have been
encountered in {cs use. Adequate air circulation during BPL
dissem{nation could eliminate most of these troubles. It is
recommended that when decontaminating the ordinary buvilding or
laboratory the spray amount ‘of BPL be changed frox the' initially
suggested one gallon per 16,000 cubic feet of space to one gallon
per 25,000 cubic feet, The use of aquecus BPL solutions and
thermal-type generators is not recommended.
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OBSERVATIONS ON BETA-PROPICLACTONE VAPOR DECONTAMINATION

Beta-propiolactone {BPL) has been shown to be an effective va, -v-phase
decontaminant for the trearment of enclosed areas,’™® 1t is effective mot
only against §actetisl spores and vegetative cells, but viruses and ricke.~
tsiae 28 well.®*7 It has been widely used in this laboratory, and to a
lesser extent elsewhere, since it was first reported by Hoffman and War-
showsky in 1958.. During its years of use, various observatione have been
made concering problews eacor wed in iis prec tical appiiea:ion* these,
we feel, are worth recording.

The main purpose of this paper is {i} to diact.ss some 0f the physical
ck;racteristics of the chemical, (ii) to point cut their reisuiocaship -
TAE pTuv awime ~  .ouBres oA fn BPL ds ~nrsmfmarion. (14} to indicate means

of avoiding the problems, and {iv) &f.scun BEPL toXicity and wemns vi :
detecting trace smounts, i

Liguid BPL is s good organic solvent; because of this, proslems are
often encountered when decontaminating with the chemical. The main ome
seems to be the dissolution of paints, lacquers, and waxes on surfaces
in the enclosure trested; other problems include the attack on some
plastics and the occasional formation of & tacky residue for the most
part, on horizoutal surfaces. These problems are due to the liquid beta-
propiclactone or an aqueous solutfon of it, but not te the v por; end

g can be eliminsted by proper dissemination of the chemi i1l. The
primary considerations fn BPL decontamination are listed ar discussad
below. .

A. BPL CONCENTRATION

A BPL air concentration of 1 co 1.5 mg per liter is sufficient to kill
bacterial spores within minutes.}? To obtsin this amount of SPL in an -
enclosure, however, & considersbly higher concentration must be dissemi-
nated.? Originaily, it was suggested that when decontaminating an enclo-
sure, one gallon of RPL be dispensed for erzh 16,000 cubic feet ¢ space
at 25 €. Assuming no wall adsorption of the chemical and 100% efficiency
of the di_penser, the theoretical air concentration would be 3.6 mg BPL
per liter (Table 1). However the vapor pressure of BFL at 25 C is only
2.1 mm Hg (Table 2}, so the highest obtainsble vapor concentr:iion fs

£.1 og of BPL per liter of space. Thus it {s evident that at .his tempera-
ture, if one gallon of BPL is sprayed per 16,000 cubic feet of space, the
amount will be above afr ssturation comcentration and six or seven timss
the actusl. canrtat:ntian rquin& to kiii spara:.




TABLE 1. THEORETICAL AIR CONCENTR..”ION
" AFTER SPRAYING ONE GALLON BPL . ‘ 5
INTO VARIOUS VOLUES )

. Volume, _ . Concentration,
cu ft , ag/liter

12,000 12.78

16,000 . 9.6
20,000 - : 7.67
25,000 6,38

30,000 5.11

TABLE 2. VAPOR PRiSSURE AND MAXIMUM CONCENTRATION
, OF BPL IN AIR AT VARIOUS TEMPERATURES

Temperature, Vapor Pressure, Conceuntration in Air,-?-/

c _ mm of Hg mg/liter
-10 0.12 - 0.5
=35 0.22 0.9
0 0.34 1.4
5 0.50 2,0
10 0.74 3.0
15 1.05 4,2
20 1.49 5.9
25 2.10 8.1
30 2,90 11,1
35 4,05 15.2

. 8. Calculated from formula PV = nk‘r.
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If excess BPL is spraved into an area or the cispenser emits large
droplers, the lactone can literally "rsia out™ un surfaces, ieaving a
liquid costing, Since the surrounding air is close to saturatiom, the
evaporation rate will at best be extreamely low; iiquid will have more
time to react with and dissclve surfacee snch as paints and plastics, or
to polymerize and leave a tacky residue. In an unsaturaied atmosphere
we tuund the raie of evaporation from a surface to be about 1.6% por
minute at 25 C or, expressed another w~y, the half-iife was 43 minutes.
It should be emphasized that it is only the liquid BPL that deleteriously
¢ “fecus paints and plastics, or leaves a tacky residue. The vapor has
not been shown to be de-eteriocus to normally encountered materials when
used &t rerommended concentrations and exposure (imes,

When partially polymerized BPL (less than abour 93% purity) is sprayed,
i noticeable residuc is cccasionally prnduced that is difficult to remove
trom surfacex. This prob*-m is not encommtered when BPL of higher purity
is employed. If BPL is tn be kept for a time before use it ghouid be
stored «i refirigsratiom temverature to retard the formacfon of polymers,

Recent tests at this Isba:ster} demonstrate that a smaller amount of
BPL ceat be sorayed, i.e., one gallon per 25,000 zubic feet of space, ard
yet provide adequate deconcamination. This yields a theoretical air ¢ -
centration of 6.4 ug per liter of air, several milligrams below sstw fon
level at 25 C, yet it is still four or five times more BrL than is required
to sterilize. There sre severzl reasons why it is necessary to disseminate
mors BPL than that required to decontaminate, A privary one is that some
BPL will adsord on walls, floorz, and other surfaces, Sprayer inefficiency,
with inadequate sir circulation and building leakage, can also be factors,
aithough these can be circumventcd as discussed later, ’

B. TEMPERATURE

Tempers: ure, of course, is & sajor factor in controlling the amount of
BPL the afr wil]l hold. Tsble 1 lists the vapor pressures of 3PL at variocus
terparatures &nd the corresponding maximum RPL air concentrat.om. It is
_evilent that as the temperature is decressed the saximum BPL air concentra-
‘tion decreases rapidly. Therefore, i€ BPL i{s used to decontaminate an
enclosure at low temperatures the amount sprayed and ilLe spray cate should
be decreased to prevent possible oversa.wmation. ¥Furthermore, for eacu
10 € drop in temperature the chemicsl requiv=s two to three times longer
to kill the sace number of organisss. Th's factor, too, should be con-
sidered. Thus {t is _ecommended thst for low-temperaturs decontamination
of enclosures, less BiL be d{sseminated and a lomger exposure time be -
alloved. On the ~ther hmé, it in possible to decrease the exposure tiae
by raising the asbien: temperature of the enclosure. Of even more impor~

tsice I8 the fsct that st the higher temperature BPL svaporsies more npidly

and there i+ less chance for liquid deposition during éinuﬁsstim‘
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C. RELATIVE PUMIDITY

The importance of having & relative humidity of 70% or higher whea
decontaminating with BPL vapor was cleerly demonstrated by Hoffman and
Uarshowsky.! Often the humidity of a structure to be decontaminated is
beiow the 707 minimum, and water must be sprayed to wv-in the required
level, Raising the RH 18 best done by injecting steam from an opan auto-
ciave or steam-line outlet, spraying weter from a nebulizer or using a
veporizer, Air should be cirzulated during thie procedure. Just wetting
the surface with water from a hose has been found unsatisfactery for rais-
ing the RH of an enclosure to the needed 70%.  When humidifying, care
should be taken not to over-humidify the enclosure. It hae been observed
that water droplets hanging from a painted ceiling have absorbed sufficient
BPL during decontamination to have a solvent action on the paint under the
drcplets. Once the humidity {s raised in an enclosure it is best to com-
tinue adding water vapor siowly duving the decontamination perfod. This
can be done by cracking a ste.= valve or using one or more small vaporizers.

Hydrolysis of BPL vapor, even {n the presence of a very high relative
humidity, 19 wot 61 amjv. S22 Tests in this laboratory have revealed
that the rate of hydrolysis of BPL in air at 1007 RH 1s aovur une-naii
that in wvater. Specifically, BPL at 25 C in water has a half-life of 3.5
hours =nd in air at 100% RH the half-life is abcut 7 hours. At lower RH
the hy+rolysis rate would he even less, Tt is thus obyious that an =nslee
sure cannot be rid of BPL in les~ thar a day merely by raising and main-
taining a high KH.

P. AQUEOUS BPL ROLUTLUNS

An aqueous solution of BPFL is often sprayed to raisc the relative
humidity and disseminate the BPL in one operation, Tt seems that once
such a practice {s started, it becomes routine thereafter to spray an
aqueous B7L, solution vregardless of the relative humidity. At times during
the summer the ambient relattve humidity is high and under these circum-
stances the air can hold very little move moisture. 1f water is sprajyed
alohg with the BPL the air becomes oversaturated and fallout results.

When this occure some BPL will be carried out with the water, producing
a dele: riouc BPL sclutfon on surfaces. -

Sprnv ng BPL with water furthat complicates the problems of decontnui-

‘nation because the droplets that are dis:sminated by s generator will be a’

mixture of vster and BPL. The vapor pressure of vater 1s higher and it .
wil! evaporate first. The evaporation of th~ water droplets will have a
cooling effcct, so that more time will be recwired for the R®T. ro vaporize.
This increases the chanceu for liquid particlet to (all out and collect:

on 4 surface, :




el

Because of these factors it ig strongly recommerded that aqueous BPL
solutions not bz employed in enclosure decontamiuation. If it is necessary
to raise the humidity, ths water should be sprayed separately.

E. AIR CIRCULATION

A major factor in BPL decontamination 1s adequate air circulatien by
fans or buflding recirculating systems during dissemination of the chemical.
. Because the vapor pressure of XPL it so low, air fa the vicinity of the
o : spray will be rapidly saturated uynless comstantly diluted with fresh air,
Ideally, the dispenser should deliver only v.nor; hovever, if used properly
& nebulizer that disseminates small li{quid drc-lets is also satisfactory,
If the vapor-type dispenser is used, the air must be clrculated _onstantly
to prevent oversaturation leading to condensation and fallewt of Iig+id.

If the nebulizer-t;pe dispenser is used, the air must be circulated more

rapidly to prevent particle fallout and to permit sufficirat tiue for

evaporstion, The BPL output rate of any type of dispenser must not be

2 flomew: ituso w6 AmOURt Cne recircuirated air cen hold. Actually, there

) wust be & greater air circulation rate than epiay rate because the recir-

culated -&ir will he capable of holding less 2né lcss BPL az it becomes

= more concentrated during dissemination and recirculation. For this .
vsason it i# vizsomended that BPL be d/ssesinated inte an :nclssu:e )
slowly over & longer perfod of tiak. ,

By calculatfon, {f the dispenser output is 100 sl of BPL per =minute,
500 cubic fest of air per minute are required to take up the BPL vapor
without oversaturation at 25 C (Table 3). The same smount of BPL would
require 690 cublc feet of air per minute to orevent oversaturstion at
) 20 . Since the air will gain more and zcre BVL vapor as it is recircu-
4 lated during the dissemtnation period, the ‘ir circulation rate must be
) ) ) greater than 500 cim at 25 C or 690 cfw at 20 €. A# & rule of thumb, it
: {8 suggested that the amount of air circulated be twice the volume

requived to hold the amount sprayed. Thus, in the example cited above,

- . at 25 C the .ir circulation 15l shuuld he about 1000 cfm. If the
: - I v spraver delivers 200 ml SFE. per minute, the cire:zsiatim wate should
] be 2000 ciz, ete.

Ve N

o In dse:esstnin;i.mg Isrg~ arexs, the alr should be recirculated through-
‘out the structure, espu-lelly during BYL dissemination. This is net zlwaya
possible wichou: & buflt-in recirculstion systex, although in some struc-
tures the air could be recirculated by 3 system of fana. 1f the structure
lacks 8 recitculacing system and has many small rooms, 2 mumber of smell
- dispensers should ba :et up throughm: and fsn: employed to assure sdequale’
distribucion.

P L SUPIUNR RPN .
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TABLE 3. MINIMIM AMOUNT OF ATR AT DIFFERENT TEMPFRATVESS
REQUIRED F1P COMPLETE VAPORTZATION
OF 0.0264 (aLION (100 m1) BETA-PROPIOLACTIS™

Temperature, C Ale. cu i
10 » , N 1350
15 . v v : 975
20 1
25 : ‘ 500
ac _ j 367
35 : 266

F. GENERATORS

Spiner an! Hoffmar® initially stated that almost any commercial insecti-
cide sprayer could be used to disseminate BPL if the chewical did not "raln
out" or thermallr decompose. A second luok at the type of dispenser that
is desirable is .n order. As stated above, a generator that delivers BPL
vapor only is most desirable. It is not advisable to use ordinary thermal-
LVpé generators because of their h.sh operacing temperature. BPL decompuses
to some extent even st {ts voiling j vint {162 C). . Thermal-type gererators
operate at considerably higher tewpe: rtures than tho bofling point of BFL,
so some decomposition will occur; the amount will depend ov the iemporatwure

- and exposute time.

An even worse uituation develops when an aquedus soluttion of BYL iz
spraved by a thersal gencrator because BPL hydrolveee vapidly at lLiigh
tempevatures. For example, the half-1ife of BPL in water at 25 ¢ is 3%
aours; ac 75 C it is only 5 miruces. No datz are available on the hyiioi.aie
rate at 200 to 360 C, the lower tewperature at which a thermal generats
operates; however, 1t {s obvicus thet the hydrolys!is rates will he extrewmsiy

- high under these circumstances. TFor this reason aqurnua HI'L should neesr
be spraved wttﬂ a thermnl ~type genarutor. :

Littie consideration has been given tu the fiash point o{ ihe chemics!
vhen using a thermal-type generator for BPL. By the open-cup mcthod Fi7.
hes s flash p~frt of 74 GC. To the authors' krowledge, ro {ires have
resulted from spraying 3PL with a the mal generstor, but this msy have
uvty been fortuttous.

[
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end sherssl-iys paoerstors (8 non recomassed.

12 suumary, the thermal-type zemeratoo cannot be recommended as ¢ BPL
disseminator. The nebulizer-type disper.ser seems to be the most satisfactory
for the pvrysae as long as the particle sizs is small, and the air is ~ircu-
lated at o sufficlenc rate to prevent ~versaturation, condencation; and
frilout.

. PPT TOXICITY AND DETECTION

The cxrcinageaic activity of BPL has beeu reported by waipsie et al.,?
Roe -nd Glendennirg,” Palmes et ai.,*® end Rarisun 21d Weed. 11 Thes.
investigators sLowed that frequent subcutrueous o: topical applicationms
of di¥:te 8PL produced tuwors in rats and mice. According to Karison and
“aeq, however, BYL appears £ be & weak carcinsgen. Beczuse it Is a
ca: *irogen, Jpiner and Hoffwa:® rezommended tnat rcjeated exp: sure to
ren subfvritating doses be avoided, That same publicstion stated that
tae 1west e.ncentration of BPL detectable bv smell is asboul 0,05 mg per
litzr of air. WNo observa*le ha-xw hus come to any of our persomnel
sccidenrally exposed for a shorc time to doses sufficiently high to
ssuse respiratory {rritation end lachrymstion. It is suggested, on this
basis, that if unmasked personnel car enter an serated area sfter using
%PL, and no discorfort is experienced, the sres is uo longer teuic, Ir
order .hat {t not h: nocessary to rely upon human olfactory sensitirity,
& Chemicsl Cerps ga2 detection tube was found satisfactory fou detecting
trece amewats of BPL.?  Tcsrs in this Jaboratory show this tabe to be
very sea.itive; n fact, it is capadle of detacting as little as 0.004 mg
+f 1:e lactone, Thus, {: % one-iiter air sample is taken, it ir possible
te derkct a KPL concentretion soelow &3 0,004 ng per liter; im a 250-zc
sams'a the low st delertadle concentration 1s 0.016 mg ser liter. We
feel thac {t no blue color .ppears (with the addition of sodium h-droxide}
in the tobe afier *o¥ing & .ne-liter sample in an serated rocr following
BPL decontauinaticn, { 18 waie for persunuel te re-enter, unmasked. We
coleuiste thaet “en air changes, rented to the outsids, will remove the
BPL from & structure. A werd ol cau‘,ies 1s nocessacy however: BPL does
adsorb on .urfaces {rom “he vapor in 2ir, wad it may require @ relatively
fog tise fo desork. For this rizson au ares serited by forced ventile-
tion conld show no detectable BPL oy the tuhe merhod, but :f the zeratiun
is .iscomtinucd and the .24 1g closed sp, an fvritating concentration of
S ooight bulld up hecauce of deserition from surtaces. To avoid this.
«ftusfion, #eTAl’on, even Teduced i‘ necessary, shoald be centimmé for
5 short peried after reoccupylog the m»lmu-e.

i+ eomciusion | 't i spoarent t_hst adequace 56 circulation can be the
y tlor factar In clesdnsting asey of the trovhles encoumtered {n BPL enclo~
sure decontamination, It 1s vecommended thet, wnen docontasinating rhe
er¢fusry building r latopetery, the spray smount ¢i BFL bs changed froe

-ihe initfa)lly suggested ans gallom per 16,700 cubic fent of space to ome

gRiTm por 25,00 cobic fest of price. The use of queous B?i, tsiurf.mi
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